Brief trains of action potentials enhance pyramidal neuron excitability via endocannabinoid-mediated suppression of inhibition.
Depolarization-induced suppression of inhibition (DSI) is a form of retrograde signaling at GABAergic synapses that is initiated by the calcium- and depolarization-dependent release of endocannabinoids from postsynaptic neurons. In the neocortex, pyramidal neurons (PNs) appear to use DSI as a mechanism for regulating somatic inhibition from a subpopulation of GABAergic inputs that express the type 1 cannabinoid receptor. Although postsynaptic control of afferent inhibition may directly influence the integrative properties of neocortical PNs, little is known about the patterns of activity that evoke endocannabinoid release and the impact such disinhibition may have on the excitability of PNs. Here we provide the first systematic survey of action potential (AP)-induced DSI in the neocortex. The magnitude and time course of DSI was directly related to the number and frequency of postsynaptic APs with significant suppression induced by a 20-Hz train containing as few as three APs. This AP-induced DSI was mediated by endocannabinoids as it was prevented by the cannabinoid receptor antagonist AM251 and potentiated by the endocannabinoid transport inhibitor AM404. We also explored the effects of endocannabinoid-mediated DSI on PN excitability. We found that single AP trains markedly increased PN responsiveness to excitatory synaptic inputs and promoted AP discharge by suppressing GABAergic inhibition. The time course of this effect paralleled DSI expression and was completely blocked by AM251. Taken together, our data suggest a role for endocannabinoids in regulating the output of cortical PNs.